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(2) 

r 

1. ^^^mt. 

8. u.^m%mi-\t. y-^;\-j^^m\z.mmix$t^%(D^^u.^mt>^'>fsi<th 
9 5%Tfoo-c. y ^;\^j>>^m\z.n^^wmt^hQo'' (DX$^%(r)W-^m^m^ 
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(3) 



-J 



) 



) 
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(4) 

^<Di:bt^mm^\t. "f-^:^^^^ t\.X-mmm^By'-(::^-:^\y^ (LCD 

}y^\-mmf)^h^-(:^'f\^^Kx^%nit\^^^xmm^f\^^. lcd^ 

^ vmm^m2-A^mmz.n%m\^f^<x\-tt^^m\ 

X. -~u<Dm^v'^ it. '^mfj:m-^iatmm^^m^i^x. !i:^mm^(D 
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(5) 

r (7)^1^7 ^/I^ A Ui, ^5-f;?>^5 0-7 0%^;e>S^ltt^-e. 2 4-40 

) ^c?V\ 

. -^(7)M^^5t<Pi^ll5^b (>9 9%) f&;^(Z)^^^il< pj^Jlxi-^ (5-2 0% 

) 2^'i4^feiafp]i^5>T-iS^^^-efc^o is^H7^^:^^i^-rT-{i. ;l(7)®(7)M^^^ 
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(6) 

mm t m^mm<Dm^m^i^\^ ^xmm tm^^ ^i^-t-r^^mmR^i^^mM-r 

mRmi^t VX(D^ty^yi^y4 h<D^<D^^mmT^i^t VX^^^fc-r(DX\ 

m^t vx^mtimm(D=^-^^^m&v-D-Dm^mm^mir^ t:^^x^ 
mm^. -^(Dm<Dmmmm-i-MLx^mm^^m't. 
1112 A. I1I2B. m2cn. 0m^j:!^Mm^m^^7fi'ro 

133-6, 0 6 A. 136 B{i:, 1 - 6 

moAtmsBn. ^m^^MMf ^ ^^-yi^^ (Dm i (Dmmm^Tf^-r 
010. mil. 012. liiisft. ^^igmMxV >^^^-r (Dft#^»!i 

UK-. :*:^P>g(^^i^i§Slt#:i 3 ^^-To ^^igSlt^l 3 {1. ^fc^^^e 
i:Rlt{i^^T-8§rii;tTVN;5o 0}i^<^R#tM^^^«:. 1995^^3^100 

{^^(D ^if^y^jyyJ^ (OPTICAL J iM^ttfc. iRl^i^i^— 

fl^^^^H^fprn^ii 0 8/4 0 2, 0 4 i^mmm\^uwL^f\^x\^^^oK^ 



^ a sjii 1-509331 



(7) 

K^nh^m.3^^i:)'^fch(om(OR^mytm^K75:v^^mm^^hm\^x\^^o m 
^mi^^>^m^ipmi-^o mwcm^6it. m^i^tiit^m^ti.xmf^ir^:it 

^^m^mm-r^. i^tc. ^w^m^tvxmwmmm^mm'r^^th-^mxh^ 

^£^;lov^T{^. HfiKli(^9 5^3^ 1 0 0#tt(7:> r^^:7^/^A (optical 
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(8) 

mfj:^^mxmyt^n^AM^<DR^\^(Dm^r^^\:^^o ^(dxo\^. ^mm:^ 

^^^m%f-^fz.\^ ^y-h UT^ffl 6o *^BJ (cttgo T^f^ $ ^6 

^ {\^'fM^(Dm^^\^^^^xx^%<r>^^m-h^-^xi\:Lti-h^m ^^-f 

mni^itzx^^.>^i^m'p-r^^\ A^^tnmmmxh^-A\ ^tm. awi^(^ 



^#^¥11-509331 



(9) 

P(7)®^^{1. ^ 1 0 2}{i5n 1 X, nly, nlz,jil04^Sn2x, n2y 
0 8/4 0 2, 0 4 l^PJJ^»{^IB«^ttfcl^a^ibm::7=^if-r>'^J^^ffl-r^:i 
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(10) 

#t-6rt-efc^o mm^^^My ^ ^^J>'(Dm^s h/i/ (400-70 

onm) \z.-i6\-y^muxM^(D^mw:)5^(D^^m^m-i. M*L<mo%7fe ) 

L < fix (Slt^« 9 9 Tfe^o 400-700n vaX^^Ut^h 

Qom(Db^ (D^imj^m-t. b < ft 2 0 (sM^fi-s 0 . 
MicM* u < fii 0 {^^mt 9 0 %j^±) , HtcM* L < 5 ( 
^^mi-x 9 5 %j£A_h) . ^fi^ «9 L < 2 {^mm-t 9 s 

) . -?:tbJ;«9 tMJcM^t< (*l%7^i§ (m¥(19 9%i^±) T'$)^o 

m-a-. M;t{i. ^U:^^^ h/^ (4 0 0 - 7 0 0 nm) *fc{iRl^><>-^^ h/V';6> ^ 
f^ifi^^ilK (0!lx.(^. 400-850ntn) <^^i^iliHc:*5V^-C. —:ff(DmW:fJ\^ 

bT#btLfcsi*ii7t^ii. mw:^^(D) -i5(Dmz.^nfmimxjt^m^s: 
\z.^nfmimx\±m.^m^ixM'^\^^\^x%\z.%'r:^^K^mt^mm^^m 
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(11) 

^U^^^ (4 0 0-7 0 0 nm(7) 3 0 0 nm(D^i^^) iZ^if^^MM^ 
h^o 4 0 0 - 7 0 0 nmi::*5V^ 

(D^i^m^mns 0* v < n^^^j: < i: ^> 5 0 %. u < f^^^^c^ < thi 0%^ 

Hf-M* U < 8 0 %. -^rtt J; «9 L < 9 0 %T-fc6o 

Blti^^iJ' h/l^ (4 0 0-7 0 0 nm(D3 0 0 nm(D^i^^) t^^Jit-St^^lfi 

5 0%7|^«. L < 3 0 %7^^. M13:M*L< (il 5%*?^. ^th^y)mt. 
^ V<i^5%^mXh^o 4 0 0- 7 0 0 nIn^^^oV^T<B^^^ (p-M^(^^jl 
$ft^f^(-?|iJ^Ufc) fe»=»?>6 0^T'A#tLf::^#cD5pj^^ig^{i: $f*L<(i 
5 0%*^^. M*U<{i3 0%7|^^. Hfcili* b < (11 5 ^ti^^mt. 

ffij^(cj;oT{t. ^mmAmx\ ^(Dmytm:dmmm\,^mrts:^mxp-mjftK 

o 

cx\^^^-AK ^^^(D^(DXo^j:y^^^-^^Bi-fx. m 
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(12) 

/ci^)^-:7^/^i^fi^v^^cJgIE^ciBrB]$^^^) o :i«7)«it(i, -mc^mm^^^ 
mmm^\^i^^^< ^^^^^^^^^^^^^^ 0W.n(ot^<DmitiF-(Dmmi'^r 

(D^ji^(7?z:m¥i^ (RMS) ^^i^^^tXh^o. RMS;«7 7-W5^^{^. 

' 1 

2 

b < 2 %^mx^^ < X i-^ts: h V \ 
$f*bV\ Ki|iS:dSpT^^ia (400-700nin. irti:t>hy<:^ Ki|ii3 0 0 

nm) xh^myt'f-(Dm^s MAW^<^r^^#;^[Rj(^¥i^^ii^^?*b<fi4 
wr^(Dii^mmmmmo 8/4 02,04 l-^pJ^♦^c:|^^$nTv^6v='1^v 
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(13) 

^^^b^^x^^o fcsv^fi, m2(oPim-t^ ma^Mufdti. 
Pcx,n^h^\^mm^m^hx^^. 
m^¥iPc<Dm'&mt\^x. M'^)=^^\y:yty^\^—v (pen) ^oJ:t;^^c^M 

14^(Mx.(l. 2, 6-. 1. 4-. 1, 5-. 2, 7-. ^b^J:U«2, 3-PE 

b). ^y-r^ K(M;^{i. TKyTi^y/i^^^^ k). ^y^-T^/^-i' ^ k. t^j^ 
^ i^^-/i5^7Ky /Ky h> #y p^ij'i? y /^^(M;t{i. ^yp< 
^^]) y y^/i^. ^ y ^ ^ y tvi^, y ^ ^ y /i^^^^/i^. 
*D J; t>*>i< y p< ^ y /i^^^ ^/i-) X y T y /i^^ 

(^i| ;^ . 5j< y T y b t>l;i y T y /i^^ ?^ ^f-M . ^y:yiy^^^ 

(sPS) . Vl^V-^^ ^^^y^:^'^) a}^^/l^y^^Uly^ i/ 
l^-h). ^y T/i'=3rW;/7Ky-^-(0^Jx.{^. /Ky^^i/:/. /Ky^nt-l/^, ;K 

y^'^wv. 7Ky-r y^^i^>'*5cttj«>^Ky (4— ;^^/^) ^>'x>'). ^o^<k 
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(14) 

. /i^yr^ h% i/y^v;^i§. ^TK^^r^x^tfli. /Ky t^^^^/vr-irT^-b. ^Ky^- 

PEN(D=i7Ky-7-(^>I;i(^. (a) ■ri^7i5'/^^*fci{«(Dai;:^f^/K (b) 

^(D:^y^^)V; (c) 7 ^/i-^^fc:{«(^^;^7^/i^ ; (d) r/i-;^r>^i5^y =1 
-fV; (e) i/i5^ar/^:^7^^i5^y ^-/l- (^!lx.{^. n-^:3rf-:/>^P^ 
ir)V^ ; (f) T/i-;^^^i^i7/^*>^W^^*5J;t)^/*fc(^ (g) y^xir)Vij 
V'^UfVif.^y;vm. (#*Jx.{i> ->^5'^-^^i^:/v^;^/l/7i^>v'/^^) ) 

1, 4-^ 1, 5-. 2. 7-*5j;t>V*fc{i2. 3— :^:7^^':/v^;^7/^ 
7J^>'>7^^*/c^«c»:3^^7^/l/=^^y-^-i:^ (a) ^y^Vl^'^'^?^^'^-^^)^ 
^*fc(i^(Z)^^7^/^ ; (b) -r y:7^/^^^fc{*^<7)^:^-7"/^ ; (c) y 

^ }vm^tz.\t^(o^y^^ \ rfviiiy^^) ; (e) v^^nr/i^ 

^i^^^)^^,v m^\^. y^xi^^^y'y:^^y^J^-^)\^) ; (f) TJ^ts^ 
-^iJxLf^. v-^J^ n--^i^:/v^;^7/U/J^^=3f.v'/i-^) lcj;6>i^y T/i^^i^^T^^^^^iz- 
2®mj^±<7)^'a'2^(^!l;t{^> s P S ^T^ 

^f-^/iJ'TKy 7^^W'>'CD^'a^«^)^^i?^^ t>-e#^o Ha5iE(^PEN(^='7Ky-r 
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(15) 

^ -r /i-* {i/K y ;(7 -7}^'^^- b S J: 5 ^c^^ (D^-^J^T-fe o T t> J: V \ 

^i)t^-<75^'a^^-*5v^■r#^::$f3iJ^^w<^m^'a^:b■^{ix pen/ co-pen. 

7Ky:n^l/:/xU:7^ I/- b (PET) /c o-PEN. P E N/ s P S . PE 
T/s PS. PEN/E a s t a r . *5j;r>*PET/E a s t a r Sr'atJ'o 

fco-PENjfi. (buk^c^) :hy^i/^v;^;(7/^7}?^v'/^i?^SIfiJ^-rS 
=i;Ky-^— *fc{«^i^cDr ^-e$)i9. E a s t e r (i-f— ( 
Eastman Chemical) ^±;dS|g^ LTV^^S^ y iX^ D-^^arf-^X 

) 4 /^j>>(Dm^^^^^'xm'tt^M^j:m<Dm'^'^i^. pet/e c a e i . 

PEN/Ecdel. PEN/sPS. PEN/THV. PEN/co-PET 
. *Dj;t>*PET/s P S^-aiPo ^^"Cx Tco-PETJ {i. (trix&(^) X W 

•7-^/umi^mmt'r^='^])-^—'^t^i^u^<'^(^^^'^'^^^ Ecde ui-r- 

;^ (E a 

stman Chemical) ^±;^S|g^b-CV^6iftWiH45!K y ^;^-r/KO;i i: 

■^:=^y r ^"^^ y V^^t (Minnesota Mining and Manu 
^ facturing Company) y T?$)6o 

■So 
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(16) 

T'#6o S^iSfRj^E (length o r i e n t e r) T*^ 5 

{i. : 2:0^bl : 1 0 (j£i-M*b<(il : 3)0^^1 : 7) (D^IS 

. mW:f7\^tmm^i:^\^Xl •• 0. 2:^(^1 0^1 : 1 0 (H{-M*U<{il : 0 

MBl^^V^^V(D7.\i°>'=i—'r^:^:f (^!|X.{1. Boesei\^^^M\^fcJ Polyra 
. Sci. :Part B, 30 : 1321 (1992) ^^|Em$tt-CV^6) . ^ XU^^m^^Bit^'^ 
(DM^MM (^!l;t{iZ a n g«5^b/cAppl. Phys. Letters. 59:823(1991)) 

MMm 1 (PEN : THV 500. 449. 5: 7—) 
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(17) 

S^^^O. 5 3 d \ / g<Dyi^V^f-l^>i-y^^-h (PEN) (6 0fi»% 

6yi^>'h'/m(DWmmmx'W^\^. thvsoo (^^.y^-7^ = :/^VTVK-^ 

=.-7t^^^V >i!^^± (Mi nn e s o t Si Mining and Manu 
facturing Company) :7/l/;^-n y ) 

=3r^S±(Cg?LTfc^i:*{-. P E N(D(7) 5 0 2 ^SCO^^^^-jii-fcofcio :7 

2 m-:)i\^\^MW'^^%^^MWMW^^^x^^f)^h^ (D^=cy~^2 Wj\^\^mW 

4 ox:'^xmmi^fco d:^^. 5X3. 5\cmw^n^^x\ ( 

IIJS0'[I2 (PEN: PMMA. 6 0 1. 5:^— ) 

HW^te^O. 5 7 d 1 /'g<D7Ky ^^U'>'-:^:7^ I/- b (PEN) (6 0fi»% 
(7)7aiy-/W/4 Oa»%(Di?'^i7nP^;/-^'^^) *ft±l^A{3:J:oTl 14 
7K^K/^(^#ffiii^-e#t^b/c:;5S^ r<Di!#. 6 4 K/NfT^^ - K:7'p 

PMMA (T^ y I C I (^CP-8 2) ?:Jf ffi^B J; oT-T-^T^ ^ - K:/ 

{c^LTV^fCo *f|±ii^A{cJ;oT^^&$tL:rcPEN.irl^^5'-r7°(7)^>(^>Sr^3 O/K 
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(18) 

o ^s#fF^3, 5 6 5, 9 8 5^0jiB»{c, mm^j^^^Mmmmw-^^um^fi 

F CD i: t «#Jtl^ 3 . 2T*g$;^fR] 

|§14(Z)ft^ (a) (^^-rJ;5{-> ^^vKl^¥J^m^9 9%i^±T% MAt*^ 
l%^mxh^o ^B7^^h50° (DAMnx\is-m^ i^B (b) ) *5j:t>*p- 

(ft«^ (c) ) (Dm:^(o t-^mm^i^m^m^TT^i^f'-^K ^<i^\''-^^mm'om 
m^(Dh(D\cmri^r\^fc^ s-myt(D^^y<i^h'm^. s-mito^^fm^^^^y^m 

'mmm'i (PEN:PCTG. 4 4 9. li^^) 
<D (2X) ^fi^P^Ei-^^'^ft^Co 

S^<^^fi^^i^^^^5^-^<^^'C*^v^;^^^^g^J^x.fCo HW^^O. 4 7dl 
/gc^^y 01^1/^:^7 iJ' 1/— h (PEN) (6 0M*%(^7^/~^l'/4 Ofi 
ft%(7)^5^-ri^nci-<^^-e':/)Sr. l-^(Djfma{-<to-C2 5. 0 7K>'K/^<7)fiJ 
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(19) 

^U-h. (^— >^ h-^:/t±(DPCTG) ^W\(Dl-^<DWmm\^^oX2 5. 0 
^l#^rRl(-M#bf^o mms. 4 0cm (gfe;&lR]) Tft^T. 

4 5 crrKT^e^^y^^f^tt^Co ^ oL^n^ 1 0 ox:(D t % :^yi^^ni-f ^ 4 
xmwi^fco i^^-7'/Hi> mwum^^U(D:^Txy^x:i—^n^xmu.^x}^m 

fe^o 4 0 0-7 0 0 nin(7)ft||a(D^J^]gi§^{18 9. 7 %-e$j «9 . 4 0 0 - 
7 0 0 nrrKDftUb ©5jlj^jgig^(i9 6. 9 19 4 0 0 - 7 0 0 n in(Z)ft^ 

^ c (7)^i^]tii^{i4. 0%-e$jofc„ ftllaC^RMS;^;^— 1. 0 5% 
. fl||bcORMS;«7 7— H^^fil . 4 4%Tfcofc„ 
IISgf[|4 (PEN:coPEN, 601. ^^^) 

^wmm^^^i^m^fi^i^f^y^>x6 o im<D^wmy ^^^^ipf^i^tio 

SW^^O. 5 4 d I y g(D:^]) :^^Ul^-ry^ l^—h (PEN) (6 0fi*% 
<Dy:r,/-/U/4 OmA%(D^4 ^Wmmii^^^X? 5 7K^K 

/^(7)Jfa3ii^T'#^l&b. c o P EN^m(DWW>m\^^oX 6 5yi^:y h^/m(DW 
WtT^^XW^l^f^o coPENfi, 7 0^/\^%(D2, ^-^y 9 Vl/V'ti iVH^^-y 
U—h^^^/^^^^'r/l-t. 1 5%(Di/^^/W I/— h i:. 1 5%<7):n^l/ 
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(20) 

■)5\^K 6 ro/^cDfij-a-x-Mffiit^ 5 . 0 ^ xmw u/^o r: 5 ut# ^ tt/c 7 ^ /i/ 

0-10 0%) z.t\zi^M^f\^ft^\ '^f^^ c-e^^^SBim^ia (4 0 0 

-7 0 0 nm) {^*5^t^M#;^^^(^^B^(^Slt^^5^^^-^^V^r t>aE$tt 
fcV\ 5 0 0 nmi: 6 5 0 nm(7)PBl(D^#t^(i9 9%jfiV\ 
IlifeMS (PEN : s PS. 4 8 1. ii^td^) 

^ nxi^^-^l^^^h^^m^'^^O . 5 6 d 1 /g<DAKy cc^i/^^-:^^^ W 
— K (PEN) ^^^y-^-^)) (sPS) (D7i^^7K y 

(K-^lt (Dow Corporation) /it^ b1^>'•7' y >'ir"tCj;«9. 
*lJ5>^a=2 0 0, 0 0 0^;^yVl^) t-h^h. 4 8 im<Dy^/i^J^^Yf^VfCo 
PEN {i^fllj® Km-t^ tfh\^. 2 6 tK:/ hV^P^T'J¥l±i $ tL. s P S 2 3 

lg(7)7>r-K^'n^y^^^^figb/Co y^'-h^y'^yi^m^. S-^CQ (2X) ^ 

mwx^fz.. mi2 "(D^^^m'cx. ^oL-y^m-^mo. oii-O'^ (0. 2 

2 7 6mm) {;i*¥mbfCo W bttl U^^ti 2 9 OrT^feofdo 
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(21) 

L:feo y^/^J^^2 5fmX-3 2 0'' F (16 0°C) f^i=^iftb. m28%X^^(D 

j^#^fR](^)^fP{i$^^i?5^o/Co i±±^^-:>fcy ^ /\yJ>^<Dm^i'i"^0 . 0 0 18^ 
(0. 0 4 6inm) TfeofCo 
[i|6 A('. r(7)4 8 1M(DPEN : s P S mia^^F-^^^tttg^^-To ft^ 

^■^^b^o MA#tNF{-*3V^T^ 6 0° (DAltNFf-*5V^Tt>. p-ii^<D^j§^ 
) ;dS^^l;ij^V^ (8 0- 1 0 0%) r i:JcaS$nfcV\ 4 0 0 - 7 0 0 n mC7)ft 
j^a(D^J^^ig^{i8 6. 2%-e&i9. 4 0 0 - 7 0 0 n nKDftUb (D¥^)gj§ 
^(i7 9. 7%t?fcofCo ^^cCD^-f^U^m (4 0 0-7 0 0nin) (C*5V^ 

, 4 0 0 nmi 7 0 0 nm(DrBl07^/WA(7)^*^^ig^{i 1 . ero-CfeSo ft^ 
a(DRMS7!7^— W5>^{i3. 2 %. ffiHb CORMS ;^ 1 8 . 2% 

^JfeM6 (PEN: c OPEN, 6 0 3 . ii^feT") 

^ ^mo. 4 7 d 1 /gO/Ky ^^l/>'-:^>'i5' I/- h (P 

EN) (6 0S*%<D:7rji/— /lx'-7'^>!i4 Ofi»%(D^Vi5^nn^^-^:/)^l-^ 
(Dj¥ffi^T*8 StK^K (38kg) /'B#(Z)J^ffi]ii^-e#t^b. coPEN^glJ(D 
^fmi^J;ij;oT7 STJ^^K (3 4 k g) /^cDjftHMT^^bfCo coPEN 
7 0^/^%O2, 6:^7^ l/:/v/;^7/^7K^v'l/— hp'^/V'^i^^^-r/^i!. 15 
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(22) 

mmm^fifz. ^mmmmm<D{d:^mmiti,t. i. 2ti. 2 7t*$>§o 

(4 8 kg) /^T^I^^ix^Hii^irPCc o PENd^^1f^$n5:^=3r^^Ji^ 

WiMt, m^y 4 ^\^j>'\-t^2> om^x 3 0 0° f (isor) ^-e^Mu. m 

/^A(Dl?:${t|^)0. 0 3 (0. 0 8 9mm) T'fco/do 

(Dm^^ii^^'^Kmi^^^tK^M.^f\^fz.\\ 4 0 0-7 00 nm(7)^fflTft^a 
05p:^^i§^f^8 7%T*fe-5o ftM c -e^^tL^"ST!i^ffl (4 0 0-7 0 

0 nm) \cm-^^mW:)^\^(oU%(D^^mi)^wn\^m^^:Lt\^W&M^f\^tL^\ 

4 0 0 nm^ 7 0 0 nm(7)rBl<Dft||c 2. 5%T'fe^o ftHbtD 

R M s ^ - S" 5> ^ « 5 % -t? 5 o 
1 1 . ^MT^^^mf ^ :/ w-Y 

m 7 :^%m(D^M^^^w 1 3 ^mmt-r^^k^mf^ ^y^^ i (?) 

1 0 ^ 1 2 i: . ^mrmM^ 1 3 h ^iix.5o 

2(D^i§fft(±. dL^^imi-^(D%m^m\^n\^xmmm.^^^ 
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(23) 

1 2/05^^3 3^Pi^liX-t^:i<i:{-J:'9 L CD;aS|i§< ^^lS., ^^3 1 ^c:oV^TW 
^^^B/^°^-/H^. 2^tiM^^i 2{'J:oT^li3 

3{cj;oT*£i5[6^f^^#t$tLTigii^^3 2 ^Jf^^-TS J; 5 {-^I|3 1 (O 

2 

ntc\^\ ) 

r(^1KilcSlt^ll3 2 ^^^-r 5^1^ 3 KDmm^LCD^mh-t^tKX^ 

m 7 \cmm^tix\^^mRmmytm^ s ^^.m-r^ :itic2:^. mm^^m^ 
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